Nomenclature
There are numerous trivial names for complex triterpenoid saponins and it is convenient to use them for brevity. However, sometimes a name has been attached to different compounds in the field and a chemical nomenclature is needed to remove ambiguity. In this review, the systematic names are given for the complex triterpenoid saponins (1−26) ( Table 1) in accordance with Chemical Abstracts -Formula Index.
Complex triterpenoid saponins with biological activity
Some of the several complex triterpenoid saponins isolated from species of Leguminosae have been evaluated for biological activity.
Acacia concinna
Wall. This medicinal plant grows in tropical rainforests of southern Asia and its fruits are used for washing hair, for promoting hair growth, as an expectorant, emetic and purgative [41] . Three genuine saponins, named kinmoonosides A−C (1−3) (Table 1) , have been isolated from a methanolic extract of the fruits. The cytotoxic activity of saponins 1−3 was examined against human HT-1080 fibrosarcoma cells and showed significant cytotoxic activity, with ED 50 values (concentrations required to produce 50% therapeutic response) of 0.70, 0.91 and 2.83 μM, respectively [4] .
Acacia victoriae
Benth. This plant thrives in semi-arid and arid lands, typically along dry waterways (rivers, streams and creeks) that are subject to intermittent rains and flooding, and tolerates relatively poor claylike and sandy soils having potentially high salinity [9] . The traditional use of A. victoriae as a medicinal plant is not documented, whereas several related Acacia species have a long history of medicinal use, for example, A. concinna [41] . Two complex triterpenoid saponins, named avicins D (4) and G (5) (Table 1) , were isolated from the seed pods of A. victoriae. The cytotoxic activities of avicins D (4) and G (5) were evaluated against human T-cell leukemia (Jurkat cells) cells in vitro and displayed significant cytotoxic activity (apoptosis), with IC 50 values 
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Albizia julibrissin
Durazz. This medicinal plant has been recorded in the Chinese Pharmacopoeia as a sedative drug and as an anti-inflammatory agent for treating swelling and pain of the lungs, skin ulcers and wounds [13] . Several complex triterpenoid saponins were isolated [10] [11] [12] [13] [14] [15] [16] and some of them have been biologically evaluated. The cytotoxicity of julibroside III (6) ( Table 1 ) was examined against the KB cancer cell line with an IC 50 value of 1.9 μM [12] . (7) and J 9 (8) ( Table 1) showed good inhibitory action against the KB cancer cell line in vitro [13] . Julibrosides J 8 (9) and J 13 (10) ( Table 1) showed marked cytotoxic activity against the Bel-7402 cancer cell line at 100 μg/mL [14] assayed by the sulforhodamine B (SRB) method. Julibroside J 28 (11) (Table 1 ) displayed significant cytotoxic activity in vitro against PC-3M-1 E8, Bel-7402 and HeLa cancer cell lines at 10 μM [15] assayed by the SRB method. Julibrosides J 29 (12) , J 30 (13) and J 31 (14) ( Table 1 ) displayed significant cytotoxic activity in vitro against PC-3M-1 E8, Hela and MDA-MB-435 cancer cell lines at 10 μM [16] assayed by SRB and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) methods.
Archidendron ellipticum (Bl.) Nielsen. A series of complex triterpenoid saponins, elliptosides A−J,
were isolated from this tropical legume. The organic extract showed prominent cytotoxicity toward certain renal and melanoma cancer cell lines. However, the purified saponins gave essentially indistinguishable mean-graph differential cytotoxicity profiles in the NCI's 60 cell line human tumor screen. Elliptoside A (15) ( Table 1 ) showed in vivo anti-tumor activity against the LOX melanoma cell line [17] .
Calliandra brevifolia
Benth. This evergreen plant is found in tropical America and is widespread as an ornamental plant cultivated in gardens and parks. From the methanol extract of the leaves, a complex triterpenoid saponin named brevifoliasaponin (16) was isolated ( Table 1 ). The hemolytic activity of 16 was evaluated using in vitro assays and its adjuvant potential on the cellular immune response against ovalbumin antigen was investigated using in vivo assays. The results obtained suggest the relevant adjuvant potential of brevifoliasaponin (16) in experimental vaccine formulations [18] .
Calliandra pulcherrima
Benth. This evergreen and perennial shrub is found in tropical America. It is an ornamental plant often cultivated in gardens and parks. In Brazil, the aqueous extract of branches of C. pulcherrima is used as a remedy for malaria and leishmaniasis. From the methanol extract of leaves of this plant, a complex triterpenoid saponin, called pulcherrimasaponin (17) , was isolated and identified. The compound displayed adjuvant activity for immunization in the murine model of visceral leishmaniasis [19] .
Entada africana
Guill. and Perr. This medicinal plant, named "samanèrè" in Mali, is a small tree growing in tropical areas of Africa. In Mali, all parts of the tree are used as an anti-inflammatory, a hepatoprotective, and for wound-healing. From the roots, nine triterpenoid saponins were isolated, three having in their structures a monoterpene unit (18) (19) (20) ( Table 1 ). All the isolated triterpenoid saponins were tested in vitro against three cell lines, comprising J774.A1 (murine monocyte/macrophage), HEK-293 (human epithelial kidney), and WEHI-164 (murine fibrosarcoma). Compounds 18-20 showed cytotoxic activity against all the cell lines used, and among these compounds, 20 showed the highest cytotoxic activity [26] .
Gleditsia japonica
Miq. The fruits of G. japonica have been used in Japanese folk medicine as an antitussive agent, expectorant, a remedy for headache and as a gargle for tonsillitis [27] . From the methanol extract of the fruits a complex triterpenoid saponin, called gleditsia saponin C (21) was isolated and identified (Table 1) [28] . This was evaluated for inhibitory effects against HIV replication in H-9 cells and produced an EC 50 (half maximal effective concentration) value of 1.1 μM [42] .
Gleditsia sinensis
Lam. This is a perennial shrub widely distributed throughout China. The anomalous fruits of G. sinensis (AFGS) have long been known in traditional Chinese medicine as a saponin-rich herbal medicine for treating various diseases, such as apoplexy, headache, productive cough, asthma and scabies [34] . The anti-proliferative activity of the saponin-rich G. sinensis (GSE) on breast cancer (MCF-7 and MDA-MB-231), hepatoblastoma (HepG2) and esophageal carcinoma (SLMT-1) in vitro was reported [43] . The results demonstrated that GSE has a cytotoxic activity and could induce apoptosis in the MDA-MB-231 solid tumor cell line. The anti-leukemia activity of GSE was investigated on cancer cell lines and bone marrow cells obtained from consented patients with chronic myelogenous leukemia (AML). The results obtained from this investigation demonstrated that GSE might be potentially used as a chemotherapeutic drug to treat patients with AML and CML [44] . GSE in powdered form was shown to contain at least four saponins (22) (23) (24) (25) (Table 1 ) [33] .
Gymnocladus chinensis
Baillon. This plant is distributed in the south of the People's Republic of China. The dried fruit is used as a crude drug in Chinese traditional medicine as an expectorant. This fruit contains a large amount of saponins and from the crude drug was isolated and identified a complex triterpenoid saponin, which was assigned as gymnocladus saponin G (26) ( Table 1 ) [39] . The anti-HIV activity of 26 was evaluated and demonstrated inhibitory effects against HIV replication in H-9 cells with an EC 50 value of 2.7 μM [42] .
